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ABSTRACT 
In this paper, the quality of roof harvested rainwater in Dan Phuong, Phuc Tho and Ung 
Hoa districts, Ha Noi city was assessed. Roof-harvested rainwater were taken in 2 campaigns 
(November 2015 and April 2016) then analyzed according to the QCVN 01:2009/BYT. The 
findings showed that in the studied districts, rainwater was collected from the tile, concrete, fibro 
cement and metal roofing, of which tile roof is the most common one which accounted for 65.6 
%. The quality of roof-harvested rainwater in general was rather good. However, parameters 
including pH, permanganate value, total coliform and Ecoli did not meet the standards. The pH 
values obtained were almost in the basic range, of which 38/90 samples (42.2 %) were greater 
than 8.5 and exceeded the standard (QCVN 01:2009/BYT), only 4 samples had acidic water 
with pH around 4.5. For permanganate value, they ranged from 0.33 to 5.61 mg/L with the 
number of samples exceeded the permitted standard reaching 30/90 and 17/90 samples in the 1
st
 
and 2
nd
 campaign, respectively. In the 1
st
 campaign, the total coliforms and E.coli were detected 
in 75 and 72 % of the roof harvested rainwater samples, respectively; while in the 2
nd
 campaign 
these numbers were 62 and 38 %, respectively.  
Keywords: domestic supply water, drinking water quality, roof-harvested rainwater; suburb. 
1. INTRODUCTION 
The demand for drinking water in rural areas has become a much concerning issue due to 
the lack of water supply. Even in some areas that have water supply systems, the quality of water 
does not meet the standard for drinking and domestic uses, particularly the turbidity and 
coliform [1]. According to the Preventive Medical Center of Ha Noi (2016) [1], by the end of 
2015, 49 % households (mainly in the suburbs) do not use supplied water for domestic [2].  
In some polluted air regions, the pH was found to be slightly acidic ~6.2 - 6.3 at average. 
However the lowest pH reached 4.6 - 4.9 (year 2013). In addition, the ammonium content also 
gets rather high during the dry season (January to April) [3]. Some metals like Pb, As, Cu, Fe and 
Mn may also be contaminated in rainwater mainly due to the storage tank, collecting draignage 
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and pipeline.  However, if the first flow of rainwater is separated and then treated with 
sedimentation, the quality of rainwater will be improved with some key parameters (pH, turbidity, 
As, Fe, Ni, Pb, Zn, NO2
-
, NO3
-
) being found to meet the standard of WHO (2006) [4]. Another 
contaminant in rainwater due to the collection, storage and distribution is microorganism including 
pathogens [5]. In France, rainwater was monitored in Western region during a 1 year campaign. 
The findings showed that all physio-chemical parameters met the standards of drinking water, 
however the microorganism parameter did not, in particular the number of E.coli and 
Enterococci found was very significant in the summer [6].  
In this study, the roof-harvested rainwater quality in some suburb areas of Ha Noi has been 
tested to assess the safety when using rainwater for drinking and other purposes.  
2. SAMPLING AND ANALYSIS METHODS 
2.1. Sampling time and sites    
The rainwater samples were taken in the storage tanks in 2 campaigns (November 2015 and 
April 2016). The system of collecting rain water from the roof has separated the first-rain (5 to 
15 minutes depending on rainfall). In the 1
st
 campaign, 90 rainwater samples were taken from 90 
households in 3 districts (30 samples each). In the 2
nd
 campaign, sampling was replicated only in 
Dan Phuong and Phuc Tho districts. The samples were taken according to TCVN 5997:1995 
(ISO 5667-8: 1993) and preserved as guided in TCVN 6663-3:2008, TCVN 8880:2011 [7].  
2.2. Sample preparation and analysis methods 
2.1.1. Sample preparation 
Rainwater samples were preserved by the addition of 1.5 mL 70 % HNO3 per 500 mL of 
water and stored at 4 - 5 
0
C for further analysis. 
2.1.2. Analyzing methods  
pH and turbidity were measured in the field according to TCVN 6492:2011 and TCVN 
6184:1996, respectively. Nitrate, nitrites, ammonium, iron, permanganate value, total hardness, 
arsenic, total coliform and E. coli were analyzed according to the TCVNs in the laboratory of 
Preventive Medical Center of Hanoi (VILAS Quality Assurance Certification). 
3. RESULTS AND DISCUSSION 
3.1. Rainwater collecting system and usage 
According to the survey, rainwater has been used for drinking water in 88/90 surveyed 
households in all 3 districts. For the roof types, the tile roof was found to be the most common 
one in the studies areas, which  counted for about 65 %. The survey for different types of 
rainwater storage tank in terms of constructing materials and method of construction showed that 
94.5 % of storage tanks were made of brick and plastered by cement. Other types were plastic 
(composite) and inox tanks that accounted for very small percentages (4.4 and 1.1 %, 
respectively). As a tranditional style, almost all rainwater storage tanks were aboveground tank, 
reached 80 % whereas semi underground tanks were 15.6 %. 
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3.2. The rainwater characteristics 
The results from 2 campaigns in Phuc Tho and Dan Phuong and 1 campaign in Ung Hoa 
have shown that rainwater was rather good quality in comparison with QCVN 01:2009/BYT, 
except for pH, permanganate value and microorganism (see Table 1 and Figure 1). These 
findings were in agreement with some previous studies in different areas where almost 
physicochemical parameters of rainwater found safe and met the WHO standards [8-10]. 
Table 1. The rainwater quality in 3 studied district. 
Item Turbidity 
(mg/L) pH NO3
- (mg/L) 
Permanganate 
value (mg/L) 
Total hardness 
(mg/L) 
1st 
camp 
2nd 
camp 
1st 
camp 
2nd 
camp 
1st 
camp 
2nd 
camp 
1st camp 
2nd 
camp 
1st 
camp 
2nd camp 
Dan 
Phuong 
district 
Max 0.56 0.56 9.5 9.29 12.43 30.54 4.62 3.63 126 180 
Min 0.34 0.34 7.5 7.11 3.18 5.13 0.33 0.33 12 56 
Aver 0.46 0.45 8.49 8.39 6.65 11.06 1.72 1.03 48.3 84.96 
Median 0.48 0.47 8.5 8.43 5.735 8.51 1.65 0.99 42 74 
STDEV 0.08 0.08 0.55 0.57 2.49 6.42 1.14 0.80 27.48 38.30 
Phuc 
Tho 
district 
Max 0.56 1.85 9.2 9.1 11.99 16.24 5.61 7.36 92 116 
Min 0.34 0.31 4.5 4 1.69 0.36 0.33 0.16 8 22 
Aver 0.46 0.43 8.36 7.95 6.35 8.92 1.94 1.71 51.73 56.00 
Median 0.48 0.38 8.7 8.16 5.71 9.88 1.32 1.44 51 60 
STDEV 0.08 0.29 0.98 1.02 2.29 4.15 1.58 1.37 16.01 20.10 
Ung 
Hoa 
district 
Max 0.52 9 20.28 3.96 100 
Min 0.34 6.2 2.52 0.33 18 
Aver 0.46 8.15 7.11 1.6 48.13 
Median 0.48 8.3 5.895 1.31 47 
STDEV 0.07 0.66 4.28 1.03 16.50 
QCVN 01/2009/BYT 2.0 6.5-8.5 50 2.0 300 
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Figure 1. pH values of rainwater in 3 studied districts.   
 
pH value: The results showed that the pH values of rainwater were higher (more alkaline) 
than those in some previous studies. In this study, the average pH range was from 8.15 to 8.5 
while in the study of Tuti Budiwati et al. (2016) [11], pH of rainwater was found to be more 
acidic, below 5.6 during 2004-2006. This might be due to the acid gases emitted from the worst 
Phuc Tho Dan Phuong Ung Hoa 
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forest fire occurred in 2006 which destroyed about 11,306 ha and 6,545 ha of forest and land in 
2006 and 2007, respectively [12]. The pH values of rainwater taken from different areas across 
the United States during 1991-1996 were around 7.0 [13, 14]. The reason why the rainwater pH 
value in 3 studied districts was more alkaline is probably due to the majority of storage tanks 
plastered brick cemented with materials containing CaCO3 and Ca(OH)2.   
Permanganate value (PV): Sometimes, similar parameter like TOC was analysed insteadly 
[15], however PV can also be converted to TOC as:  PV(ppm KMnO4) = TOC (ppm C) * 4.8 
[16]. As can be seen in Figure 2, the maximum permanganate value reached 5.61 which was 2.8 
times greater than the permited value. The number of samples that met QCVN 01:2009/BYT 
was arround 70 - 80 % of the total tested samples for both campaigns.  
Total coliforms and E. Coli: In the 1
st
 campaign, 22/90 rainwater samples met the QCVN 
01:2009/BYT for total coliform (24.4 %) and found similarity in 3 districts. For E. Coli this 
number was 34/90 samples (37.8 %). In the 2
nd
 campaign, in all three districts, the ratio of 
samples that has total coliform lower than standards ranged from 37 to 40 %. In addition, the 
highest number found in the samples taken right after the rain. Similarly, other parameters such 
as nitrate, nitrite, ammonium and PV are all significantly higher in the first 15 minute taken 
samples. The results found were in aggreement with the study of TCEQ (2007) [17].  
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Figure 2.  Permanganate values of rain water samples in studied areas. 
As can be seen in Table 2, the rainwater samples taken after 5 minute early rains have 
reached the QCVN 01/2009/ BYT except for ammonium, PV and E. coli. However, if sampling 
after 30 minutes, only E. coli was found exceeding the standard. However, the rainwater was 
still suggested suitably for domestic, recreational and some industrial usage purposes [18]. 
QCVN 
01:2009/BYT 
Phuc Tho  
Dan Phuong  QCVN 
01:2009/BYT 
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Table 2. The rain water quality depending on the sampling time since the start of the rain.  
Sampling time 
since rain 
(min) 
pH 
Total 
Fe 
(mg/l) 
Nitrate  
(mg/l) 
Nitrite 
 (mg/l) 
Ammo
nium 
 (mg/l) 
Permanganate 
value 
(mg/l) 
E. coli 
(CFU/ 
100 ml) 
5 7.3 0.42 45.8 0.19 4.39 23.8 37×10
8
 
15 7.2 0.23 34.06 0.08 2.09 4.57 12 × 10
8
 
30 6.7 < 0.03 29.72 0.04 0.43 2.2 52 × 10
8
 
45 6.9 < 0.03 5.56 0.02 0.35 2.0 56 × 10
4
 
60 7.2 < 0.03 5.09 0.03 0.41 1.6 23 × 10
4
 
QCVN 
01:2009/BYT 
6.5-
8.5 
0.3 50 3.0 3.0 2.0 
 
0 
 
4. CONCLUSIONS 
In the studied districts, rainwater was harvested from different types of roof including tile, 
concrete, fibro cement and metal roofing, of which tile roof is the most common one,  counted 
for 65.6 %. The quality of roof harvested rainwater that was already separated 5-15 minute first 
rain then stored in the tank was rather good with almost every parameters meeting  the standard 
for drinking water (QCVN 01:2009/BYT). However, pH, permanganate value, total coliform 
and E.coli were found  to exceed the permitted standards for drinking and domestic water. The 
pH values obtained in the range of alkaline with 38/90 samples (42.2 %). Particularly some 
samples pH values found greater than 8.5 and  exceeded the standard (QCVN 01:2009/BYT). 
The permanganate value ranged from 0.33 to 5.61 mg/L with 30/90 and 17/90 samples 
exceeding the QCVN 01:2009/BYT for the 1
st
 and 2
nd
 campaign, respectively. The total 
coliforms and E.coli were detected in 75 and 72 % of the samples and 62 and 38 % for the 1
st
 
and 2
nd
 campaigns, respectively. The findings showed that not all of the roof harvested rainwater 
in studied areas is safe for drinking water relating to the pH, permanganate value and 
microorganism parameters. As recommended, further study need to be carried out to see how the 
slope, rough of roofs, storage tank and the harvesting time affect to the rainwater quality.  
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